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The chief reasons for presenting a few of the many 
data  bearing upon this subject, which have been 
secured at the Rhode Island Agricultural Experiment 
Station, are the following: (I) It is an almost universal 
practice among agricultural writers to caution their 
readers against liming land where superphosphates 
are to be applied, upon the ground that the presence 
of the lime will hasten the reversion of the phosphoric 
acid, in consequence of which its efficiency will be 
presumably greatly lessened. 
(2)  Some recent writers seem to hold that the 
action of chemical fertilizers is exceedingly fleeting. 
(3) There has not been a sufficient appreciation 
of the occasional importance of liming as an aid in 
rendering the phosphorus of the soil available to 
plants. 
(4) I t  is not sufficiently recognized that the avail- 
ability of roasted iron and aluminum phosphates is 
dependent in a high degree upon the character of the 
soil, as concerns its content of calcium carbonate. 
(j) The recent energetic advocacy of the employ- 
ment of finely ground tri-calcic phosphate rock (floats) 
for agricultural purposes makes i t  especially important 
that its real agricultural value for various crops, 
and under varying soil conditions, should be more 
fully known. 
(6) The great difference in the requirements of 
individual plants and of their ability to utilize the 
several phosphates under varying conditions, is not 
properly appreciated. 
( 7 )  The tendency of late to generalize from experi- 
ments with soil extracts as to what will result in the 
field is fraught with danger which should be pointed 
The results presented here were secured in field 
experiments which were begun in the year 1894, 
and which are still in progress. Twenty plats of land, 
each containing two-fifteenths of an acre, are em- 
ployed in connection with the experiment. They 
are  separated by three foot-paths a t  the sides and 
by wide road-ways a t  the ends. The entire area 
of each plat is fertilized uniformly, but  before harvest- 
ing for the final record, the crop is discarded from a 
strip three feet wide on each side and six feet wide 
across each end. The area remaining is then exactly 
one-tenth acre. 
The experiment was begun a t  the outset by others 
with the idea of comparing applications representing 
like money values of the several phosphates. How- 
ever, i t  was decided later to fully equalize the quan- 
tities of phosphoric acid (P20,) applied to each plat, 
which was finally accomplished in the year 1902. 
The phosphoric acid applied during that interval 
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of eight years was equivalent to an average annual 
application of 82 pounds per acre. 
Each year generous applications of nitrogen in 
nitrate of soda and of potash either in muriate, or in 
high-grade sulphate of potash, have been made an- 
nually to all of the plats of land, at a uniform rate. 
The phosphate applications have been duplicated 
in all cases, the applications in one series having been 
supplemented by lime while in the other they were 
not. 
The following phosphates have been employed : 
Dissolved bone-black. 
Dissohed bone. 
A4cid phosphate. 
Fine, ground steamed bone. 
Basic slag phosphate (“Thomas” phosphate). 
Floats (finely ground, unacidulated, tri-calcic phos- 
Raw (unroasted) iron and aluminum phosphate. 
Roasted iron and aluminum phosphate. 
No phosphate. 
Double superphosphate. 
Below are given the yields of three of the many 
plants which were employed in 1903. These results 
are selected because they illustrate so well certain 
features in the preceding outline which i t  is desired 
to discuss somewhat in detail. 
phate rock). 
TABLE SHOWING THE RELATIVE YIELDS, IN POUNDS. OF THREE DIFFERENT 
CROPS. 
Kind of phosphate. Limed. Unlimed. 
Dissolved bone-black. .................... 256 119 
Dissolved bone.. ......................... 312 175 
Acid phosphate.. ........................ 270 107 
Fine, ground steamed bone.. . . . . . . . . . . . . . .  341 245 
Basic slag meal (“Thomas” phosphate). .... 293 232 
Floats .................................. 110 58 
Raw iron and aluminum phosphate.. . . . . . . .  1 0 
Roasted iron and aluminurn phosphate., .... 117 1 
No phosphate.. .......................... 16 1 
Double superphosphate. . . . . . . . . . . . . . . . . . .  245 89 
Dissolved bone-black. .................... 162 143 
Dissolved bone.. ......................... 177 144 
Acid phosphate.. ........................ 139 149 
Fine. ground steamed bone.. .............. 165 153 
Basic slag meal (“Thomas” phosphate). .... 148 141 
.............................. 163 146 
Raw iron and aluminum phosphate.. ....... 132 109 
Roasted iron and aluminum phosphate.. .... 159 118 
No phosphate.. .......................... 123 50 
Double superphosphate. .................. 160 82 
Dissolved bone-black. .................... 328 3 
Dissolved bone.. ......................... 380 101 
Acid phosphate.. ........................ 340 8 
Fine. ground steamed bone.. .............. 447 16 
Basic slag meal (“Thomas” phosphate). .... 362 73 
Floats .................................. 223 0 
Raw iron and aluminum phosphate.. . . . . . . .  36 0 
Roasted iron and aluminum phosphate ..... 153 0 
No phosphate.. .......................... 40 0 
Double superphosphate. .................. 145 1 
Swedish Turnifi: I 
German Golden Millet, weighed green: 
Mangel Wurzel (Norbiton Giant): 
It will be seen from the foregoing results withjthe 
four superphosphates, dissolved bone-black, dissolved 
bone, acid phosphate and double superphosphate 
that,  excepting with the acid phosphate, the yields 
of millet were invariably greater where lime had -been 
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used than where it had been omitted. It is readily 
possible, if the experiments had been conducted on 
a soil already well supplied with lime in calcium car- 
bonate, that the result would have been exactly the 
opposite. This soil contained a large amount of lime 
removable by extraction with hydrochloric acid, 
yet it lacked carbonate of lime to such an extent 
that, when moistened, i t  not only quickly and in- 
tensely reddened blue litmus paper, but i t  also yielded 
immediately to ammonium hydroxide an abundant 
and intensely dark extract. 
The single instance where liming did not prove 
helpful, in connection mith the acid phosphate, was 
in the case of the millet, but this was unquestionably 
a mere chance result for upon making twenty-four 
direct comparisons in another experiment where 
more l ime  had  been  used the same kind of millet was 
injured by liming in exery instance. In  fact in this 
case the amount of lime present was almost up to the 
limit of benefit, and even approached the limit of 
endurance, for millet. This was not true, however, 
of the turnip; and even more particularly of the 
mangel wurzels. These results show the absolute 
absurdity of discussing the ecect of liming land in 
connection with superphosphates, or indeed other 
phosphates, without special reference to the character 
of the soil involved and to the particular variety 
of plant to be grown. 
Since the final equalization of the phosphates was 
not effected until the previous spring, this being the 
second crop grown since its accomplishment, these 
results throw less light upon the duration of the effect 
of fertilizers than other data which are to follow. 
In  this case the first liming of the soil occurred in 
1894 a t  the rate of a ton of slaked lime per acre and 
the second in 1903 a t  the same rate. It is evident 
that, where no phosphate was used, the interval of 
nine years under continuous cropping must have 
been sufficient to draw heavily upon the native supplies 
of phosphoric acid which had been rendered available 
by liming. Nevertheless the result with the millet, 
which had been limed not only nearly to its limit 
of maximum direct benefit, but also to its limit of 
actual endurance, shows a yield of 50 pounds on the 
unlimed plat and of 123 pounds on that which was 
limed. This indicates, therefore, the probability 
that liming had rendered the phosphorus in the soil 
of the limed plat more available than it would other- 
wise have been. In other experiments a t  the Station, 
where a great lack of lime and of available phosphoric 
acid existed a t  the outset, liming liberated sufficient 
phosphoric acid to render the application of phos- 
phates unnecessary a t  least for two or three years 
thereafter . 
No beneficial effect of the liming, upon the availa- 
bility of the yaw iron and aluminum phosphate, was 
observable in connection with the yields of the turnips, 
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but there was evidence of some possible benefit’ in 
this connection with the mangel wurzels and the millet. 
When i t  comes to a consideration of the effect of 
liming in connection with the roasted iron and alumi- 
num phosphate, it will be seen that i t  was most positive 
as shown by the millet, and i t  was striking in the high- 
est degree in connection with each of the other crops. 
In regard to the floats i t  will be seen that the results 
with the millet, on both the limed and unlimed land, 
were essentially on a par with those secured with 
the better of the phosphates. LVith the turnip the 
inefficiency of the floats on the unlimed soil was 
exceedingly great ; and though the relative inefficiency 
was far less on the limed land, it was still most striking. 
As concerns the mangel wurzels the soil was so de- 
ficient in carbonate oE lime as to practically inhibit 
their growth, excepting on two of the plats. On 
this account i t  is only in the case of the limed plats, 
that indications of the value of the floats are afforded. 
I t  will be Seen here that, excepting the case of the 
double superphosphate, floats fell in efficiency below 
all of the other of the better phosphates. The reason 
for the exception in the case of the doub t  super- 
pdosphate may have been its high acidic tendency 
These results show the most striking differences 
in the ability of the different varieties of plants to 
utilize the different phosphates; and also the great 
dependence of this ability upon the character of the soil, 
as affected by liming. 
The great danger, and indeed the utter futility, of 
attempting to predicate from experiments with any 
given plant grown in soil extracts or indeed by way 
of pot culture, as to the ability of the soil to produce 
crops of various kinds, could hardly be more strikingly 
illustrated, if one bears in mind the variations with 
the different crops on the same plats of land. 
In  order to illustrate especially the duration of 
the effect of the several phosphates, the yields in 
pounds of potatoes from one-half of each of the plats 
(one-twentieth acre) in 1909 are given below. It 
must be recalled that these yields represent those of 
the seventh year following that in which the equaliza- 
tion of the applications of phosphoric acid was made, 
or in other words it is the eighth crop following the 
last application of phosphates to any of the plats. 
’ 
Limed. Unlirned ---. -
Kind of phosphate. 
Dissolved bone-black. . . . . . , , . . . . . . . . 
Dissolved bone.. , , , . . , . . , . . . . . , . . . . . 
Acid phosphate.. . . , . . . . . . . . . . . . . . . . 
Fine, ground steamed hone., . . . . . . . . . 
Basic slag meal (“Thomas” phosphate). 
Floats. . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Raw iron and aluminum phosphate.. . . 
Roasted iron and aluminum phosphate 
No phosphate.. . , . , . . , . . , . . . , . . . . . . . 
Double superphosphate. . . . . . . . . . . . . . 
600 
607 
so0 
570 
530 
460 
312 
546 
360 
560 
80 
69 
54 
60 
62 
45 
35 
48 
45 
47 
680 
676 
554 
630 
592 
505 
347 
594 
405 
607 
217 233 450 
344 185 529 
333 186 519 
400 156 556 
450 130 580 
330 180 510 
64 180 244 
40 184 224 
20 125 145 
123 210 333 
1 The better results may have fallen within the limits of natural varia- 
tion in the plats. 
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I t  is evident from an examination of the total yields 
that  liming was highly beneficial in connection with 
all of the phosphates, excepting the floats, and when 
the relative production of large and small tubers is 
considered, great benefit is shown even in that case. 
These results further support the earlier observa- 
tions a t  the Station to the effect that  liming may 
increase the total yield of potatoes but  that  even if 
this is not the case the yield of tubers of large size is 
usually greatly increased on a soil like that under 
experiment. 
The wide differences in yield shown upon the several 
plats, when the results are compared with those 
where no phosphate had been used, show that the 
after-effect of floats, bone meal, basic slag meal and 
of all of the superphosphates, is great, and long con- 
tinued, both on the limed and unlimed land. 
As concerns the total yields, i t  will be seen that  
where no phosphate was used the crop I& nearly 
three times as great on the limed as on the unlimed 
plat  thus showing a percentage gain far in excess of 
that  in any other case. Taking account of the large 
tubers i t  will be observed that the same holds true. 
Therefore, both the yields of large tubers and the 
total yields give evidence that liming had probably 
placed at the disposal of the crop more phosphoric 
acid than would otherwise have been available. 
On the unlimed land the inefficiency of the 
raw and roasted iron and aluminum phosphates is 
most striking, whether judged by the total yields or 
b y  the yields of large tubers. On the limed land 
the results with the raw iron and aluminum phosphate 
were poorer than where no phosphate had been used, 
bu t  the roasted iron and aluminum phosphate gave 
results superior to those secured with acid phosphate, 
basic slag meal, or floats. This furnishes therefore 
a most striking example of the effect of applications 
of lime upon the continued efficiency of roasted iron 
and aluminum phosphate even when the last applica- 
tions of each were made several years previous. 
Kotwithstanding that the floats had been drawn 
upon less hearily in previous years, by virtue of smaller 
crops, than most of the other phosphates, they proved 
far less efficient on the limed land than any of the 
others excepting the raw iron and aluminum phos- 
phate which showed a negative value. On the un- 
limed land they gave, however, a better result than 
the dissolved bone-black, double superphosphate or 
roasted iron and aluminum phosphate, and they 
proved essentially as efficient as the acid phosphate. 
Doubtless this may be accounted for in some measure 
by  the tendency of tri-calcic phosphate to correct 
the acid condition of the soil, in which i t  was aided 
b y  a small amount of carbonate of lime, probably 
present in the floats. This view is supported by the 
excellent results with basic slag meal, which contains 
a considerable excess of lime, and hence can 0~7er- 
come soil acidity in a greater degree than any of the 
other phosphates that were employed. 
These results with floats, under the conditions 
existing where no lime was applied, cannot be cited 
to show that floats are equal in 1-alue to the other 
phosphates, for the reasons that the conditions of 
the soil were not such as to produce a normal crop 
under any conditions, as shown by the wonderful 
improvement in the yields after liming. Further- 
more, when more nearly optimum conditions were 
created, as a result of liming, the floats then became 
decidedly inefficient in comparison with the other 
phosphates. This question of optimum conditions, 
in other respects, is a point in connection with com- 
parative tests of phosphates and discussions of them 
which deserves great consideration if one hopes to 
arrive a t  reliable conclusions. 
A CONTRIBUTION T O  O U R  KNOWLEDGE O F  THE 
NITROGEN PROBLEM U N D E R  D R Y  FARMING. 
The development of so-called “dry farming” or 
“dry land  farming” on the semi-arid portions of the 
prairies of Korth America has introduced problems 
in soil fertility distinct from those of humid or of 
irrigated soils. The characteristic feature of dry- 
land farming, in so far as it relates to the soil, is the 
practice of bare fallowing to store water in the sub- 
soil, a practice, well known to cause, in humid regions, 
a rapid decline in soil nitrogen, the portion removed 
in the form of crops being only a small part  of the 
whole that is lost. IVhile in the least arid portions of 
the semi-arid regions certain intertilled crops may be 
found capable of taking the place of the fallow to some 
extent, such a change in cultural methods is not likely 
to lessen in any considerable degree the rate of loss of 
nitrogen. The use of leguminous crops as green 
manures has been advised as a substitute for the 
fa1low.l The growth of the legumes, however, ex- 
hausts more or less of the moisture which fallowing 
would conserve, thus increasing the supply of nitrogen 
at the expense of that  of water and so defeating the 
very object of the fallow. 
In\-estigations in dry-land farming on the Great 
Plains have been undertaken only so recently by ex- 
periment stations in the United States that  data are 
not yet available to indicate how serious the nitrogen 
problem is, how soon i t  will become acute, or how best 
to solve it. For twenty-two years, however, an ex- 
perimental farm has been maintained by the Canadian 
government a t  Indian Head, Saskatchewan, and 
during the whole ‘of this time the practice of bare 
fallowing has been employed for the conservation of 
moisture, i t  having been introduced into the Canadian 
Northwest by hIr. Angus Mackay, who has been 
B y  F. J.  ALWAY AND R. s. TRUMBULL. 
Chilcott. ”Dry-land Farming in the Great Plains Area ” Year-book, 
I; S. Dep’t of Agr., 1907. 
